We describe here a method for determining confidence intervals for a commonly used index of diversity. This approach facilitates the comparison of the genetic population structure of microorganisms isolated from different environments and improves the objective assessment of the discriminatory power of typing techniques.
The discrimination of organisms on the basis of variable phenotypic or genetic markers is still the mainstay of quantitative microbial ecology and descriptive epidemiology. To determine the diversity of microorganisms in defined environments (ecosystems) or to identify the reproductive success of disease causing organisms, i.e., the spread of particular strains between hosts, genetic typing techniques are deployed which have the ability to distinguish diverse organisms of the same species. Importantly, when one is comparing the diversity of a single species between different ecosystems or comparing the various typing methods used to resolve such differences, a robust statistical approach is required that allows an objective assessment. To this end, indices of diversity have been defined mathematically that are based on the frequency with which organisms of a particular type occur in a population or can be discriminated by a given typing tool (3, 4, 5) . Individuals of a population will belong to one of Z types and will occur with frequencies of 1 . . . Z such that ⌺ ϭ 1. For microorganisms that usually have a very large population size, the genetic diversity () can be described as ϭ 1 -⌺ 2 , which will be the probability that two individuals chosen at random will be of a different type.
Inferences on the diversity of the population involve a sampling process. The index of diversity D, as defined by Simpson (5) and lately utilized for the assessment of the discriminatory power of typing techniques (2, 6) , is an unbiased estimate of the true diversity of a population based on a sample of n individuals. Simply by chance, different samples will give different results, the difference being due to sample variation and by drawing repeated samples, the precision of the mean estimate for D will improve. If repeated samples of a fixed size n are drawn from the sample population, the values of D will be distributed about with the variance 2 (5):
where j is the frequency n j /n, n j is the number of strains belonging to the jth type, and n is the total number of strains in the sample population. An estimate of the standard deviation of is given by the square root of 2 , and we propose the following as approximate 95% confidence interval (CI):
We have applied these equations to determine confidence intervals (i) when assessing the genetic diversity of Staphylococcus aureus isolated from healthy carriers in the community as opposed to hospitalised patients and (ii) when comparing the discriminatory power of macrorestriction analysis by using SmaI restriction patterns with that of RAPD [random(ly) amplified polymorphic DNA] typing.
By using the same sampling frame, healthy individuals in the community and inpatients of the same age group who had stayed at the University Hospital in Nottingham for more than 3 weeks were sampled by use of swabs taken from the anterior nares. Carriage strains of S. aureus obtained from the community were genotyped by SmaI macrorestriction analysis, as well as by RAPD typing, by using two different primers. Carriage strains from hospitalized patients were typed by macrorestriction alone. Macrorestriction and RAPD analyses were performed by standard published protocols (7; Harmony [http: //www.phls.co.uk/International/Harmony/microtyping.htm]), and genotypes were classified according to conventional criteria, with more than two band differences defining separate genotypes or a cutoff value of 70% for Pearson correlation coefficients discriminating genotypes in the RAPD approach (1, 8) .
Among the 117 carriage strains from the community, 57 types were distinguished by macrorestriction analysis. Of 117 carriage strains obtained from the hospital population 55 types were distinguished. The distribution and type frequencies are presented in Tables 1 and 2 . The genetic diversity (D) of carriage strains in the community was 97.6%, with a CI of 96.8 to 98.5%, and for carriage strains from hospital patients (D) it equalled 89.5%, with a CI of 84.4 to 94.7% (the CI values did not overlap).
We also compared the discriminatory ability of macrorestriction analysis with RAPD typing for the sample of community carriage isolates. While macrorestriction analysis identified 57 SmaI restriction patterns, 26 types could be discriminated when RAPD results generated by different primers were combined (Table 3 ). The index of diversity based on the combined RAPD grouping was 89.9%, and the CI was 86.5 to 93.3%.
For nominal scale data, such as phenotypic or genetic markers, there is no mean or median that could serve as a reference for a central tendency or a measure of variability. Instead, we can invoke the concept of diversity to determine the distribution of observations among categories. We suggest use of the standard deviation for Simpson's index of diversity as a measure of dispersion around the true diversity, . Two times the standard deviation on either side of the measured value should roughly include 95% of all of the expected distribution of the sample mean and is thus an approximate measure for the confidence with which various diversity indices can be estimated. For highly diverse populations or typing techniques with extreme abilities to discriminate genotypes, the number of classes (genotypes) will increase with increasing sample size. Thus, the chance that two randomly sampled isolates differ will increase, i.e., the index of diversity becomes dependent on the sample size. Therefore, it is important to compare samples of roughly the same size as long as the number of classes depends on the sample size.
Using this algorithm, we concluded that the observed difference of the genetic diversity with nonoverlapping CIs among community and hospital carriage strains of S. aureus reflect two truly distinct population structures shaped by differential ecological constraints. Likewise, we have measured the discriminatory capacity of RAPD and macrorestriction analysis with sufficient precision and can be confident that the inability of RAPD typing to achieve the same degree of discrimination as macrorestriction analysis is an inherent property of these methods. We believe that an estimation of confidence intervals when calculating the index of diversity greatly aids the comparison of genetic diversity in different environments, as well as the ability to objectively address the discriminatory potential of diverse typing systems. 
